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(54) CONTROL METHOD FOR ELECTRIC POWER STEERING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent steep change in the 
steering torque in the event of failure in an abnormal vehicle 
behavior sensing means in an arrangement where a control to 
suppress abnormal behavior is conducted by an electric power 
steering device. 

SOLUTION: When abnormality in vehicle behavior is sensed by a 
vehicle behavior sensing means to sense the behavior of a vehicle, 
a steering reaction force is generated so as to suppress the 
abnormality in behavior by a motor which is to generate an assist 
force for driving the steering vehicle wheel in compliance with the 
turning angle of a steering wheel. In this electric power steering 
device, the steering reaction force is decreased gradually in case 
any failure in the vehicle behavior sensing means is detected. This H bji->-7ux h*?n-*flarf it 

leaves the component of assist force to allow suppressing a steep 
change in the steering torque, and it is possible to suppress 
change in the feeling in the steering operation before and after 
occurrence of failure as much as practicable. 
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* NOTICES * 

JPO and NCIPt are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The motor for generating the assistant force at the time of driving a steering wheel according to 
handle steering torque, In the control approach of electric power-steering equipment of having made it 
generate auxiliary reaction force torque with said motor so that the abnormalities of the car behavior 
concerned might be controlled, when it had a car behavior detection means to detect the behavior of a car 
and said car behavior detection means detected the abnormalities of car behavior The control approach of 
the electric power-steering equipment characterized by having the process in which failure of said car 
behavior detection means is detected, and the process in which said auxiliary reaction force torque is 
gradually decreased when said failure is detected. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the control approach of electric power-steering equipment 
of having made it generate auxiliary reaction force torque with a motor so that the abnormalities of car 
behavior might be controlled, when the abnormalities in behavior of a car are detected. 
[0002] 

[Description of the Prior Art] Although there is electric power-steering equipment it was made to make 
generate auxiliary steering torque with a motor in order to mitigate the control force of the operator at the 
time of steering so that to improve the performance-traverse ability of a car conventionally, and various 
techniques may be applied, for example, it may **** a steering wheel and to improve steering nature 
Furthermore, the abnormalities in vehicle behavior at the time of the disturbance by the flank wind, track 
transit, etc. being added are detected, and there is a thing it was made to generate auxiliary reaction force 
torque with a motor so that the abnormality in vehicle behavior might be controlled. There are some which 
are shown in drawing 3 as such electric power-steering equipment. 

[0003] The equipment shown in drawing 3 consists of rack - and - pinion device which consisted of rack 
shafts 8 with which the both ends were connected with the steering knuckle arm 7 of the front wheel 6 on 
either side as a steering wheel through the tie rod 5 while it gets into gear to the pinion 4 connected with 
the steering shaft 2 really combined with the handle 1 through the connecting shaft 3 which has a universal 
joint, and a pinion 4 and can reciprocate to the cross direction. Moreover, the motor 9 is arranged in the 
pars intermedia of the rack shaft 8 in same axle in order to generate the auxiliary steering torque for 
mitigating the manual control force through rack - and - pinion. 

[0004] Moreover, the steering torque sensor 1 1 for detecting the steering torque which acts on a pinion 4, 
the handle angular-velocity sensor 12 for detecting the angular rate of rotation of a steering wheel 1 in 
rack - and - pinion device section, the speed sensor 13 for outputting the vehicle speed signal 
corresponding to the travel speed of a car, and the control unit 14 for controlling the assistant force by the 
motor 9 based on these detection values are formed. 

[0005] Furthermore, the lateral acceleration sensor 15 and the yaw rate sensor 16 detect the abnormalities 
in car behavior at the time of the disturbance by the flank wind, track transit, etc. being added, and he is 
trying to generate the auxiliary reaction force torque of the direction which controls the car behavior with 
electric power-steering equipment. 

[0006] The control-block Fig. of such electric power-steering equipment is shown in drawing 4 . As shown 
in drawing 4 , in a control unit 14 The auxiliary steering torque decision means 19 which each detecting 
signal of steering torque, the vehicle speed, and handle angular velocity inputs. The auxiliary reaction force 
torque decision means 20 which each detecting signal of the vehicle speed, handle angular velocity, 
horizontal angular velocity, and a yaw REITO handle angle inputs, The adder 21 adding the output signal of 
the auxiliary steering torque decision means 19 and the auxiliary reaction force torque decision means 20, 
A target current decision means 22 to input the result of the adder 21, The output current control means 
23 which computes the output current which controls the drive circuit 18 in consideration of the feedback 
current signal from the drive circuit 18 based on the target current signal computed with the target current 
decision means 22 is established. The abnormalities in behavior of a car can be distinguished from each 
cth ese ] detecting— signal value value, when it is distinguished that behavior is unusual, auxiliary reaction 
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force torque is generated with a motor 9, and control which controls the abnormalities in behavior of a car 
can be performed. 

[0007] Next an example of the control based on control block of above-mentioned drawing 4 is shown 
below with reference to the flows-of-control Fig. of drawing 5 . in drawing 5 , the yaw rate-sensor failure 
flag FY stands at the 1 1th step ST 1 1 — **** (= 1) — no (= 0) is distinguished, and if it is normal (FY=0), 
the 12th step ST 12 which performs assistant control of the usual auxiliary steering torque - the 15th step 
ST 15 will be controlled. 

[0008] At the 13th following step ST 13, an active steering reaction force (ARS) component is computed, 
an assistant component is computed at the 12th step ST 12, and assistant torque is computed by adding 
each above-mentioned component in the 14th following step ST 14. And based on the above-mentioned 
assistant torque, a target motor current is determined at the 15th step ST 15, and active steering reaction 
force control by electric power-steering equipment is performed in the control routine which is not 
illustrated according to the target motor current. 

[0009] If the yaw rate-sensor failure flag FY stands and it is distinguished at the 1 1th step ST 1 1 when it 
is detected that are in this conventional control system, for example, the yaw rate sensor broke down, it 
will progress to the 16th step ST 16, without performing assistant control and active steering reaction 
force control. He turns on a warning lamp and is trying to tell an operator about failure at the 16th step ST 
16. 

[0010] 

[Problem(s) to be Solved by the Invention] However, in failure processing control which was described 
above, if the above-mentioned failure occurs, for example during cornering transit, since assistant control 
and active steering reaction force control will not be performed, the problem that change occurs in 
steering torque, a sudden change arises with an operator's response by that cause, and sense of 
incongruity arises is. 
[0011] 

[Means for Solving the Problem] In order to realize preventing that solve such a technical problem and 
steering torque changes suddenly at the time of failure generating of the car behavior malfunction 
detection means in the case of performing control which controls the abnormalities in car behavior with 
electric power-steering equipment The motor for generating the assistant force at the time of driving a 
steering wheel according to handle steering torque in this invention, In the control approach of electric 
power-steering equipment of having made it generate auxiliary reaction force torque with said motor so 
that the abnormalities of the car behavior concerned might be controlled, when it had a car behavior 
detection means to detect the behavior of a car and said car behavior detection means detected the 
abnormalities of car behavior It shall have the process in which failure of said car behavior detection means 
is detected, and the process in which said auxiliary reaction force torque is gradually decreased when said 
failure is detected. 

[0012] Since control which decreases gradually only the auxiliary reaction force torque relevant to the car 
behavior detection means is performed when a car behavior detection means breaks down by doing in this 
way, even if steering reaction force stops occurring, since it may generate, the assistant force of assisting 
the usual control force can shift to control only by the component of the assistant force 
[0013] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained to a detail based on 
the example shown in the drawing of attachment in the following. 

[0014] Drawing 1 is the flow Fig. showing the control to which this invention was applied. In drawing 1 , it is 
the same as that of the control in the 1 1th step ST 1 1 shown in the conventional example - the 15th step 
ST 15 about the 1st step ST 1 - the 5th step ST 5. Moreover, although explained similarly, using a yaw 
rate sensor as a car behavior detection means, it can also judge from the result of having combined a 
horizontal G sensor and them that what is necessary is just the means used as what detects car behavior. 
[0015] As shown in drawing 1 , distinguish, and in being normal (FY=0), whether at the 1st step ST 1. the 
yaw rate-sensor failure flag FY stands Compute an assistant component at the 2nd step ST 2, and 
compute the active steering reaction force (ARS) component as auxiliary reaction force torque at the 3rd 
step ST 3, and assistant torque is computed by adding each above-mentioned component at the 4th step 
ST 4. Based on the above-mentioned assistant torque, a target motor current is determined at the 5th 
step ST 5. And according to a target motor current active steering reaction force control by electric 
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power-steering equipment is performed in the control routine which is not illustrated. 
[0016] When a yaw rate sensor breaks down, the yaw REITO failure flag FY stands like the conventional 
example (FY=1), and it progresses to the 6th step ST 6 from the 1st step ST 1 in that case. At the 6th 
step ST 6, the value of the assistant component in the control cycle in front of failure (last time) is read. 
[0017] An ARS component value is made into 100% last time [ the 1 and it is made to decrease to the 
timing of a control cycle in the 7th following step ST 7 until it becomes 0% based on the counter which 
prepared the ARS component in flows of control. Namely, the ARS component value in the control cycle is 
computed by a counter decreasing, whenever it passes through a control cycle, and asking for the ARS 
component ratio which decreases based on a counter for every control cycle, and carrying out the 
multiplication of the ARS component ratio to the ARS component value in front of failure, as shown in the 
continuous line in the component ratio of drawing 2 . 

[0018] At the 8th following step ST 8, a warning lamp is turned on like the 18th step ST 18 of the 
conventional example, an operator is told about failure, and it progresses to the 4th step ST 4. From 
computing assistant torque by adding each component as described above at the 4th step ST 4 For 
example, the ARS (auxiliary reaction force torque) component value which carried out the multiplication of 
the above-mentioned component ratio, and asked for it the assistant component which may be maintained 
by the value in front of failure is added. As the ARS component described above, it will decrease for every 
control cycle, and the assistant torque computed at the 4th step ST 4 decreases with reduction of an ARS 
component, as shown in the fictitious outline in the component ratio of drawing 2 . 

[0019] Thus, the ARS (auxiliary reaction force torque) component which is one of the components added in 
order to compute assistant torque, whenever a control cycle progresses will carry out fade-out, and 
assistant torque does not change suddenly at the time of failure. And if an ARS component ratio becomes 
0%, fade-out processing will be completed and it will shift to correspondence control at the time of the 
failure which controls by setting an ARS component to 0 (refer to drawing 2 ). 
[0020] 

[Effect of the Invention] Thus, while according to this invention rapid fluctuation of steering torque is 
controlled since only the auxiliary reaction force torque for controlling the abnormalities in car behavior is 
decreased gradually and it leaves the component of the assistant force when a car behavior detection 
means breaks down, change of the feeling of the steering actuation before and after failure generating can 
be suppressed as much as possible. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The flow Fig. showing the control to which this invention was applied. 
.Drawing 2] Drawing showing change of the control based on this invention. 

[Drawing 3] Drawing showing the outline configuration of conventional electric power-steering equipment. 
[Drawing 4] Drawing showing the conventional control block. 
[Drawing 5] The flow Fig. showing the conventional control. 
[Description of Notations] 

1 Handle 

2 Steering Shaft 

3 Connecting Shaft 

4 Pinion 

5 Tie Rod 

6 Front Wheel 

7 Steering Knuckle Arm 

8 Rack Shaft 

9 Motor 

1 1 Steering Torque Sensor 

12 Handle Angular-Velocity Sensor 

13 Speed Sensor 

14 Control Unit 

15 Lateral Acceleration Sensor 

16 Yaw Rate Sensor 

18 Drive Circuit 

19 Auxiliary Steering Torque Decision Means 

20 Auxiliary Reaction Force Torque Decision Means 

21 Adder 

22 Target Current Decision Means 

23 Output Current Control Means 
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